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Okubo. Moriya-Machi. Ibaraki-Ken, Japan 302~01 
ABSTRACT 
Very few reports have been presented to date on 
the noise and vibrational characteristics of oil in-
jected screw compressors. 
This time. a series of extensive experimental 
analysis is performed. It includes the measurements 
and analysis of compressor casing vibrations. rotor 
shafts vibrations, torsional <rotational) vibrations. 
suction and discharge gas pulsations. pressure trans~ 
ient in one thread of rotors ana compressor noise. 
These experiments are done mainly with R-22 gas, 
and the operating speed of compressor continuously 
varied up to 4400 RPM in some test conditions. The 
tested compressors are mainly 1SOL<163mm ,long rotor). 
Analyzed results of these experiments help to 
explain the major noise and 'vibrational characteris-
tics of standard oil injected screw compressors. 
Nomenclature 
Fo = fundamental screw frequency, Hz 
Fm male rotor operating frequency, Hz 
Ff female rotor operating frequency, Hz 
k specific heat ratio 
n operating speed. RPM 
Pd = discharge pressure. Pa 
Ps suction pressure. Pa 
Vi bUilt-in volume ratio 
Pi built-in pressure ratio= Vik(adiabatic change) 
Zm male tooth number 
Zf female tooth number 
D rotor diameter. mm 





Today, the oil injected screw compressors are 
known as high-performanced and highly durable compre-
ssor and their application range has become very wide. 
In spite of the amount of information concerning its 
applications and performances, technical papers deal-
ing with the fundamental characteristics of noise and 
vibration of the compressors seem to be very few. In 
order to evaluate and reduce the noise and vibration 
of the compressors. their fundamental characteristics 
must be well understood. So, to aid the better under-
standing of these, we will present this summerized 
report of our series of experiments concerning noise 
and vibration of screw compressors. 
Compression Mechanism 
The screw compressor is classified as a positive 
displacement rotary compressor. The noise and vi-
brations generated Rotor 
by a screw compressor 
have a distinct 
relationship to its 
gas compression 
mechanism. So it is 
important to under-
stand this mechanism. 
A general arrangement 
of an oil injected 
screw compressor is 
shown in Fig. 1. 
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Fig. 2 OompTession Mechanism <Ref. [1 J > 
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The compression of a gas is ~ttained by the 
a~rect volume reduction cf the inter-lobe space as 
the rotors rotate. This is illustrated in Fig. 2. 
EXPERIMENTAL TECHNIQU:E: 
Instruments <Re£.[2]) 
A number of analytical tools and procedures are 
available to analyze noise and vibration. The FFT 
<Fast Fourier Transform> analysis is considered as a 
versatile technique within ~hese methods. For a prac-
tical point of view. stand-alone FFT analyzers are 
used as the main instrument to analyze signals from 
compressors. The followings are the signals s~udied 
in detailed experiments. 
- pressure transient in one thread of female rotor 
- discharge and suction gas pulsations 
- rotor shaft radial vibrations (relative to casing) 
- rotor shaft axiaJ. vibrations <relative to casing) 
- torsional vibration 
- relative rotational vibration <male and female> 
- casing vibration acceleration Cin three directions> 
- compressor noise (normally at 1 meter> 
Fig. 3 shows general set-up of instruments and trans-
ducers . 
.a A~eelel:'ometer b:: PreS!iiUt"e T-ransducer 
e; So\lnd Level Meter d:Chal."ge /..mp. 
e. DC Amp. f:Dat.a P.e.co:rde'r 
g FFT Analy:.er h:Plotter 
Fig. 3 Instrument General Set-Up 
Test Facilities 
Fig. 4 Test FacilitY Arrangement 
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Detailed experiments including variable-speed 
operation are performed in laboratory test facilities 
mainly on 1601. Also some measurements are taken on 
operating compressor in actual plant. Shown in Fig. 
4 is the general arrangement of the test facility. 
FUNDAMENTALS 
This section will Present materials found by 
experiments on the fundamental characteristics of 
screw compressor noise and vibration. 
Fundamental Screw Frequency 
The fundamental frequency of noise and vibration 
can be determined by the following equations. 
For male drive Fo ~ n/60 X Zm 
For female drive Fo ~ n/60 X Zf 
These equations indicate that fundamental frequency 
is simply determined by the drive rotor operating 
speed and its number of lobes. In this report we call 
this frequency lFoJ as "fundamental screw frequency". 
Another fundamental frequencies are operating 
speed of male rotor and that of female rotor. They 
are calculated by next equations. 
For male drive Fro n/60 
Ff n/60 X Zm/Zf Fm X Zm/Zf 
For female drive Ff n/60 
Fm n/60 X Zf/Zm Ff X Zf/Zm 
Pressure Transient in Rotor Thread 
Fig. 5 illustrates an example of in operational 
period relationship between male rotor turning angle 
and pressure transient in one rotor thread. pulsation 
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bable causes of noise. The pressure transient domina-
tes gas forces induced on rotors and thereby controls 
the fundamental noise and vibration characteristics. 
Pressure Pulsations 
Pulsations are caused bY intermittent gas dis-
charge and suction accoring to the compression mech-
anism. The discharged gas pulsation is influenced by 
the pressure difference between operating discharge 
pressure and thread pressure at the moment of the be-
ginning of the discharge phase. Example of operating 
pulsations from 1BOL is shown in Fig. B. According to 
the Figure. their waveforms are similar to sawtooth I 
triangular wave and these periods indicate that their 


















Fig. 6 Operating Pulsation Waveform 
Torsional Vibration CTorque Fluctuation> 
Fig. 7 shows a typical example of operating tor-
sional vibration signal from the output of the torque 
meter. The vibration is caused by dynamic gas torque 
and its frequency is also at the fundamental screw 
frequency. In general. the measured torsional ampli-
tudes from torque meter would be well below 5% of the 
static torque when operated under normal conditions 
with R-·22 gas. 
N 1601 D~163 L/D~1.65 R-22Gas fsr=====J 
oo;rr6mSec 1me 
Fig. 7 Operating Torsional Vibration 
Rotor Shaft Vibrations 
Resulting £rom the gas forces and rotor contact 
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forces. dynamic forces are induced on the rotors and 
thereby radial and axial shaft vibrations of the 
rotors occur. These vibrations are transmitted 
through the bearings to the casing of compressor.The 
fundamental frequencY component of rotor shaft vibra-
tions both in radial and axial directions are iden-
tical to the fundamental screw frequency. A typical 
example of operating axial shaft vibration is shown 














Fig. 8 Operating Axial Shaft Vibration 
General Noise Characteristics 
Fig. 9 shows the noise spectrum from 250L oper-
ating at 3000 RPM. Several discrete peaks. well above 
1kHz. can be noted. and dB 
other peaks are broad • 
and not well defined. ~ 
The dotted line in the S 
Fig. 9 lndicates a ~so 
broad-band random noise ~ 
radiated by gas £low. E 
In general. the ~ .,oo 
broad-band random noise g 
of a frequency spectrum : 
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Fig. 1 0 shows 
spectrum of another 
pressor. 200L. ope-
rating at 3000 RPM. 
This compressor 
again genera-ces 
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~nd~cates gas flow no~se. It should be noted that 
the magnitudes of harmonics are approx~mately at a 
constant level up to several order harmon~cs. 
General Vibration Characteristics 
F~g.11 shows examples of vibration from 3201 op-
erating at 3600 RP~ employing a multiplying gear box. 
The a~splacement spectrum. Fig.11-a. conta~ns 3 
aom~nant discrete spectrum and the peak occurring at 
240 Hz is the fundamental screw frequency. The spec-
trum at 50Hz shows operating speed of input shaft ana 
its unbalance<including motor.coupling and drive gear 
) . EquallY. the peak at so Hz indicates ou·tput shaft 
operating speed and its unbalance. And the waveform 
of displacement indicates the "beat" between 50Hz and 
60 Hz operating frequency signals. 
The velocity spectrum. shown in Fig.11-b, indi-
cate the fundamental screw frequency and harmonics 
decreasing their amplitude with frequency. The wave-
form of velocity shows appearances of sawtooth wave 
hence its harmonics may decrease approximately -BdB/ 
octave in amplitude. 
In contrast with the velocity signal, the accel-
eration signal shown in Fig.11-c indicates more 
definite tendency of series of pulses. And according 
to its waveform. the acceleration spectrum contains 
more harmonics. The higher harmonics should come 
1!1 
'..u} ........ -.---.,!.1,......~----:,;;c;.""c;:'' ~.HJ1 
Fig.11-a Displacement 


















Fig.11-c Acceleration Fig.11-d Arrangement 
Fig. 11 Operating Vibration Waveform and Spectrum 
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mainly from rotor meshing. Generally. measured vibra-
tion acceleration values may not exceed 9.8 m/sec2 < = 1 G>. The "Axial" direction shows the maximum vi-
bration acceleration level from normallY operating 
compressors. It should be noted that. in general. 
larger vibration level result in higher sound level. 
Vibration Parameter Selection 
According to extensive vibration measurements. 
data indicate that the vibration of screw compressor 
has several harmonics of the fundamental screw fre-
quency at a constant level in acceleration in certain 
range of frequencies. An example is shown in Fig.12. 
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Fig. 12 Opera~ing Acceleration Spectrum 
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selection of vibration 
measurement parameter. 
displacement is not 
the preferred parameter 
except in case of un-
balance problem because 
of its low sensitivity 
at high frequency. as 
shown in Fig.13. Fig. 13 Displ. ,Vel.& Ace. 
Relation 
It is recommended that one should choose accele-
ration as a Parameter ~hen measuring screw compressor 
vibration in detail. Care must be taken to avoid 
mounted resonance of accelerometers within the fre-
quency range of intresT. 
As a separate considerat~on. the displacement 
probe !proximity probe> is lhe only transducer when 
measuring shaft vibration relative to the casing. 
EFFECT OF OPER~TING CONDITIONS 
Operating Pressure Condition 
The operating ~re3sure condition has a distinct 
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~nfluence upon compressor no~se. casing vibrations 
and performance. Operat~ng pressures also affect 
tors~onal vibrat~on. shaft vibration and pressure 
pulsations. The use of economizer also has some 
effect on above mentioned vibrations. 
As -!;he pr·essure in a rotc:r thread, .just prior to 
the start of discharge phase. is only determined the-
oretically by the mult~plication between suction 
pressure and built-in pressure ratio ( i.e. Ps X Pi ) 
without economizer. so there exists only one actual 
operating discharge pressure which will exactly agree 
with the theoretic~llY determined discharge pressure. 
Regardless of the magnitude. there exists a certain 
pressure difference between these two discharge pres-
sures. In general. the operating compressor noise and 
casing vibration level ~ill increaae with the in-
crease in the pressure difference. 
A measured example of compressor noise and casing 
vibration shown in Table 1 indicates above mentioned 
tendency under an operating discharge pressure condi-
tion. Another example under a constant operating 
suction pressure condition is shown in Table 2. 
Table 1 (dB) 
Noise & Vibration at Varying Ps 
No. Ps MPa V.Acc. H,Acc. A.Acc. SPL 
1 0.50 +4.1 +2.2 +2.9 +3.1 
2 0,30 0 0 0 0 
3 0.16 +0.1 +1.1 +3.1 +3.4 
*Pd=l,37MPa,N0.2 as a reference value 
Table 2 (dB) 
Noise at Varying Pd 
No Pd M a SPL 
1 0.91 +0.2 
2 l. 07 0 
3 l. 3 7 +2. 4 
*Ps~0.24MPa,No.2 
as a ref. value 
In addition. the discharge port size cH. M and 
L). H-port generally shows the best effect on meas-
ured noise and vibration from refrigeration compres-
sors because of its least gas mass flow rate within 
three ports under normal operating condition. 
Operating Speed 
Operating data is used to determine not onlY the 
level of noise ana vibration but also. more importan-
tly. the frequency components of these signals. By 
varying the operating speed of the compressor. the 
effect on frequency spectrum can be seen and the 
various resonances. ~nherent in the compressor system. 
can be determined. 
Fig. 14 shows an example of a three-dimentional 
RPM spectrum map of generated sound pressure levels 
from 160L. The peaks C at 100 Hz. 220 Hz. 275Hz and 
545 Hz) are indications of various resonances. 
In this case. the maximum amplitude peak at 545 
Hz comes from a relative rotational resonance between 
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the male and female rotors. and can be determined bY the method of detecting the phase difference between two sinusoidal tooth passing signals £rom involule gears attached to each rotors. 
The peak at 100Hz in Fig.14. finallY determined at 87.5 Hz in higher frequency resolution analYsis with more fine pitch change in the operating speed.is coming from a tors~onal resonance in the system. And the peaks at 220 Hz and 275 Hz are confirmed to be resonances of skid members by hammer~ng method . 
0 
. &27 
* not in dB-scale, 





















Fig.14 3-D RPM Spectrum Map of Generated No~se 
For the discharge gas pressure pulsation. a typical example is shown in Fig. 15. The magnitude increases with operat~ng speed. but on the bas~s of our data. it cannot be accounted for its effect on compressor no~se. 
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Fig. 15 3-D RPM Pulsation Spectrum Map 
Relative to the casing vibration acceleration.as a result of our experiment.~t can be assured that the acceleration level wlll incre~se proportionally with the increase in operating speed when no resonance 
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has occured. 
Part Load Condition 
An outstanding feature of the standard screw 
compressor is the ability of stepless capacity con-
trol with the slide valve system. The change in Vi 
resulting from the axial movement of the slide valve 
affects not onlY the performance oi compressor but 
also the characteristics of noise and vibration. 
As shown in Fig. 16. under part load operations 




Fig.16 Vi Change in Unloading 
the change in Vi 
ranges from 3.0 to 
1.25 even in the L-
port.so the difference 
between theoretically 
determined discharge 
pressure (ps X Pi) and 
the actual operating 
discharge pressure 
also would be varied 
with unloading. 
As the result of above.it appears that a complex 
change occurs in the characteristics of noise and 
vibration under part load operation. 
Fig. 17 shows a 3-D vibration spectrum plot from 
160L op~rating at 3600RPM under part load. 
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Fig. 17 3-D Axial Vibration Spectrum Map 
Under Part Load Operation 
From full unloaded operation data, it can be 
assumed that the returning oil from the bearings and 
the mechanical seal will sometimes obstruct a stable 
operation of compressor under reduced gas flow. More-
over the slide valve sometimes vibrates at the funda-
mental screw frequency and. by impacting on the 
casing, it would cause an excessive noise and I or 
vibration problem in extreme case. 
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Type of Gas 
Change in type of gas to be compressed sometimes indicates distinct effect on the compressor noise and vibration characteristics. Here. as a typical example, Table 3 is shown as reference. Other than this Table, data indicates an existence of large difference in axial shaft vibrations ana the amplitude under opera-tion in some test conditions during which the ampli-tude with helium gas is four times greater than the amplitude with air. 
The accurate cause of the difference in noise and vibration cannot be confirmed now. but it can be assumed that it is resulting from a change in the molecular weight of the gas to be compressed Which may affect the leakage inside the compressors as well as the effect of oil. 
Table 3 Noise and Vibration Difference Gas Vert. Ace. Hori. Ace. Axial Ace, SPL Air 1.46m/s~ 1.53m/s" l.86m/s 2 85.5dB Helium 4.80 3.50 7.34 93.5 
Operating Condition: Ps~0.049MPa, (Pd/Ps)~Pi, 3000RPM 
3201, 0~321, L/0~1.65, Vi~5.8 
Injection Oil Quantity 
Injection oil flow rate sometimes affects the noise level experienced in large refrigeration com-pressors. It is said that under a reduced injection operation overall noise level sometimes can be reduced bY several dBs. Other than R-22, and some light molecular weight gas, this phenomena is clearly confirmed by some experiments. 







Fig. 18 Injection Oil Effect 
is an operating noise 
from 320L operating 
at 3000RPM with he-
lium gas. Although 
in this spectrum 
plot.reduced injec-
tion oil operation 
is quieter by 4 dB. 
in some tests. the 
atttained improve-
ment in sound 
pressure level is 
well above 8 dB. 
AFFECT OF SURROUNDING EQUIPMENTS 
In most cases. the measured operating noise from 
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compressors contains many components from various 
individual sources. The motor. gear box. coupling. 
piping, oil separator, skid and so on. They all may 
combine to yield a complex frequency spectra plot. 
Here. some simplified examples are discussed. 
Oil Separator 
As already shown in Fig. 9 , the accompanYing 
broad~band random noise component decreases with 
frequency in frequency spectrum plot.In contrast with 








I 6 20 
kHz 
Fig. 19 Separator Noise 
Piping 
in Fig. 19. a broad 
peak appears in oper~ 
ating noise spectrum. 
The broad peak 
present is seen to 
emerge from general 
background. This may 
be due to resonance 
noise radiated from a 
source other than the 
compressor. In this 
operating noise spec-
trum. that peak has 
come from separator 
outlet resonance. 
Fig. 20 shows 
320L test stand. 
spectrum resulting 
suction piping, can 
ment of the piping. 
an example of operating noise from 
The contained broad-band noise 
from gas flow noise radiated from 



















Fig. 20 Suction Piping Gas Flow Noise 
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/ 
Gear Box <Ref. [3J) 












Fig. 21 Gear Noise Spectrum 






Thrust Bearing Flaking 
In screw compressors. rolling-element bearings are usually employed as rotor thrust bearings to ensure precise axial positioning. These bearings have £inite £atigue li£e and sometimes £ail unexpectedlf by £laking o£ raceway as a result o£ an abnormality. The example shown in Fig. 22 is a typical oper-ating vibration £rom 160L at 3600 RPM. In the 
TIME fl LIN 









Fig. 22 Operating Abnormal Vibration 
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vibration acceleration spectrum. a cluster 
of peaks 
at approximately 3.5 kHz indicates an abnormalit
y in 
th{~· compressor. And the waveform indicates
 that the 
unusual signal is generated in a series o
f impacts 
repeating at relatively low frequency. 
In this case. the technique of the abs
olute 
averaging in the time domain signals is emp
loyed. and 
by ~ts spectrum.shown in Fig. 23, the repea
ting fre~ 
quency is confirmed at 322.5 Hz. According to 
this 
frequency, the damage in a bearing inner 
raceway. 
shown {n Fig. 24. can be detected. Conce
rning the 
frequencies derived by damage of rollin
g-element 
bearing, refer to the Table 4. 
u 
u 
"" i"iiR Sf A LIN 11diz 
Frequency 
Fig. 23 Absolute Averaged Spectrum 
c 
Fig. 24 Inner Raceway 
Flaking 
Scuffed Rotor Tooth 
Table 4 Bearing Frequencies 
!ypee of Damage Damaged Part Frequen~y 
Eccentricity* 1 Inner Ra~eway n·Fr 
Rough Spot lnner R~ce~ay n·Z•Fi ~~
 
Outer Raceway n·Z·F~ 
Rolling Element 2•n•Fb *~ 
* 1 :and / o~ Wear, 
* 2 :~m?litude Modulation may occur~ 
Where F1•l/2•Fr·(l+d/D•cosfi) 
Fo•l/2• Fr· (l-d/D· cosp) 
Fb•l/2•Fr·D/d· [1-(d/D)'· cos'l'l 
Fr .. Fll! or ff 
d•Diameter of Rolling Element 
D•P;I,tc.h Diameter 
P•Conr.a.c.t Angle 
ZcNumber of Rolling Elements 
n•l·2·3 .... 
[Inner Raceway Rotat~s and Outer is Statio
nary] 
In a certain operating conditions. scuffing o£ 
rotors sometimes take place. 
One typical example of abnormal noise £rom 
200L 
operating at 3600 RPM is shown in Fig. 25. 
For the 
noise level of this compressor.BS dBA was re
corded at 
the beginnings of the plant operation and it
 has in~ 
creased well above 100 dBA at the time of th
e analy-
sis. The overall noise level indicates 
only how 
serious the problem is. To detect the origin
 of noise 
a frequency analysis is necessary. The analy
zed noise 
spectrum contains many sub-harmonics of fu
ndamental 
screw frequency, indicating tooth separ
ation and 
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collision at the point of rotor mesh contact. The waveform also shows one collision takes place per every two mesh. After inspection; the cause of this abnormality is confirmed resulting from scuffed and worn rotor tooth flanks. <The scuffed pattern on the rotors can be reproduced by computer simulation, an example is shown in Fig. 26.) 
In this case.scuffing of rotors is caused by oil compression at frequent start-ups. Operating sequence is revised to avoid unnecessarily long oil pump oper-ation before compressor starts. and the problem was resolved. 
~·s 200L ,556~ 
0~204 
RERL. L/Dgl, 65 
~u R-22 Gas 
3600RPM -. 35e t ~·s r t.;.s. 3m Sec .aoSEC TIMER Se.00mHC 
.Sub-harmonics 
X: OVII'r.!l.ll Hz r: 10t.5<B 
Fig. 25 Abnormal Noise Signal 
Drive Slde Flank 
Fig. 26 Simulated Scuffed Pattern <Male Rotor) 
Unprecise Rotor 
The screw rotors are so strictly controlled and inspected in manufacturing that the accuracy has been maintained over a certain level. 
As a seldom example, if ever occur. Fig.27 shows an operating noise on 2508 at 3000 RPM with unprecise rotor set. The sauna is heard as a ~rattling" noise. 






TIME A LIN 
.-.97~ ~ Fo 2Fo _3Fo. 4Fo 
~dB -










0 fWR Sf A LIN lkH 
Fig. 27 Operating Noise with Unpre~ise Rotor 
spacing approximately 33 Hz<= F£ ) between harmonic
s 
o£ the £undamental screw £requency. A£ter inspectin
g 
the rotor set. it is con£irmed that abnormal noise i
s 




The material in this report is directed toward 
providing a basic understanding o£ the £undamenta
l 
characteristics o£ noise and vibration in the oil in
-
aected screw compressor. 
With respect to £requency.it can be assumed that 
the £undamental screw £requency <Fa = Fm X Zm ; £or 
male drive) dominates all aspects in compressor nois
e 
and vibration. From the results o£ these experiment
s 
it is believed that compression mechanism. design an
d 
manu£acturing parameters. and operating condition
s 
all in£1uence on pressure pulsations o£ discharge an
d 
suction gas. More importantly, they in£1uence o
n 
dynamic gas forces induced on rotors and the mechan
i-
cal contact forces between rotors.thereby control al
l 
the characteristics o£ noise and vibration. 
In our next report.we will present a theoretical 
analysis o£ screw compressor vibration. 
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